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(54) POWER SUPPLY APPARATUS

(57) A power supply apparatus, which can detect an
abnormal voltage drop in a power cell and, if recovery
from this voltage drop is made, resume power genera-
tion, thereby realizing reasonable and stable power sup-
ply, is provided. The power supply apparatus comprises
acombined power source composed of a plurality of pow-
er cells configured electrically independently, a switch
for arbitrarily connecting each of the power cells by se-
lectively connecting terminals of the power cells through
switching elements, a voltage detector for respectively
detecting differencesin electricalpotentials between the
terminals of the power cells, and a controller for control-
ling the switch by a control signal to control ON/OFF
states of the switching elements so as to isolate a power
cell to halt a supply of electrical power therefrom when
a voltage generated in the power cell has dropped to a
set voltage or lower as found based on voltage signals
which respectively indicate the differences in electric po-
tentials detected by the voltage detector, and resume the
supply of electrical power from the power cell whose pow-
er supply has been halted when a down time in the iso-
lated power cell has reached a predetermined time or
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Description
Technical Field

[0001] This invention relates to a power supply appa-
ratus and, more specifically, to that useful when applied
in preventing the pole change or reversal of a plurality of
power cells configured electrically independently, while
continuing their reasonable operation, and performing a
reasonable operation conforming to a load power.

Background Art

[0002] Fig. 7 is a block diagram showing a fuel cell
apparatus according to a conventional technology (Pat-
ent Document 1). As shown in this drawing, the fuel cell
apparatus is designed to supply electric power, which
has been generated in a fuel cell stack 100, to a load 109
via a power converter 103 for regulating the electric pow-
er to be a predetermined output voltage (desired voltage)
designated by a controller 108.

[0003] The fuel cell stack 100 has a plurality of unit
cells 110 connected in series, and each of the unit cells
110 is supplied with a fuel and air via a fuel supply device
101 and an air supply device 102. The controller 108 sets
the amount of fuel supply and the amount of air supply
for each unit cell 110 based on the respective voltages
of the plurality of unit cells 110 measured by a voltage
measuring instrument 105, allows the fuel to be supplied
to each unit cell 110 via the fuel supply device 101 based
on the amount of fuel supply for each unit cell 110, and
allows air to be supplied to each unit cell 110 via the air
supply device 102 based on the amount of air supply for
each unit cell 110. The purpose of this procedure is to
minimize variations in the respective voltages of the plu-
rality of unit cells 110.

[0004] In this manner, the amount of fuel supply is in-
creased or decreased for each unit cell 110 to stabilize
the electric power generated, thereby preventing de-
clines in the voltages of the unit cells 110 and the dete-
rioration of each unit cell 110, due to variations in the
characteristics of each unit cell 110 or variations in the
supply of fuel. That is, variations in the voltages of the
unit cells 110 are curtailed in an attempt to stabilize the
electric power generated by the fuel cell stack 100.
[0005]

Patent Document 1: JP-A-2006-73379
Patent Document 2: JP-A-2004-303621
Disclosure of the Invention
Problems to be solved by the invention
[0006] The above-described fuel cell apparatus ac-

cording to the conventional technology is designed to
curtail variations in the voltages of the unit cells 110,
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thereby stabilizing the electric power generated by the
fuel cell stack 100. However, the fuel cell apparatus can-
not detect an abnormal drop in a voltage generated by
each unit cell 110. If the unit cell 110 with such an ab-
normally dropped voltage continues to be used, the unit
cell 110 undergoes reversal and becomes unusable.
[0007] To prevent reversal, a technology, which com-
prises detecting a voltage generated in each power gen-
eration cell and isolating an abnormal power generation
cellfrom the stack, has been proposed (Patent Document
2). With this technology, however, there is the problem
that once a power generation cell has generated an ab-
normal voltage, this power generation cell is continuously
isolated, making a reasonable operation impossible.
That is, with the technology disclosed in Patent Docu-
ment 2, once the generated voltage has fallen, the iso-
lated state is continued even when power generation ca-
pacity recovers later. However, even after an abnormal
drop in the generated power for a cause, such as fuel
insufficiency, temporary stoppage or halt of power supply
often results in the subsequent recovery of power gen-
eration capacity. In such a case, it is not necessary to
continue the isolated state of the power generation cell.
[0008] The fuel cell apparatus shown in Fig. 7 men-
tioned above, on the other hand, has the fuel supply de-
vice 101 foreach unitcell 110. Thus, it also has problems,
such that 1) the structure of the fuel cell apparatus is
complicated, 2) the fuel cell apparatus is upsized, and 3)
the weight of the fuel cell apparatus is increased.
[0009] Even upon control for increasing or decreasing
fuel supply, there may be a case where a drop in the
voltage of each unit cell 110 cannot be prevented (for
example, the fuel supply path is clogged, or the cell is
short-circuited (physically or chemically)). In this case,
the effect of stabilizing the generated power due to control
for increasing or decreasing fuel supply is not obtained,
causing the problem of wasteful fuel supply and fuel con-
sumption.

[0010] The present invention has been accomplished
in the light of the above-described conventional technol-
ogies. It is an object of the invention to provide a fuel cell
apparatus which can detect an abnormal voltage drop in
a power generation cell and, if its power generation ca-
pacity is recovered, resume power generation; and can
select a cell necessary for power generation in accord-
ance with aload power, thereby realizing reasonable and
stable power supply to the load with long-term power
generation reliability.

Means for solving the problems

[0011] Afirst aspect of the present invention for attain-
ing the above object is a power supply apparatus, com-
prising:

a combined power source composed of a plurality
of power cells configured electrically independently;
a switch, connected to the combined power source,
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for arbitrarily changing connection paths of the re-
spective power cells by selectively connecting ter-
minals of the plurality of power cells through switch-
ing elements, the switch having the same number of
input terminals as the number of the terminals of the
plurality of power cells and two-electrode output ter-
minals;

a voltage detector for respectively detecting differ-
ences in electrical potentials between the terminals
of the plurality of power cells; and

a controller for controlling the switch by a control sig-
nal to control ON-OFF states of the switching ele-
ments so as to halt a supply of power from the power
cell when an output voltage of the power cell has
dropped to a set voltage or lower, as found based
on voltage signals which respectively indicate the
differences in electrical potentials detected by the
voltage detector, and resume the supply of power
from the power cell whose power supply has been
halted when a down time in the power cell during a
halt in power supply has reached a predetermined
time or longer.

[0012] A second aspect of the present invention is the
power supply apparatus according to the first aspect,
characterized in that

the switch has the switching elements, whose number is
equal to the number of the power cells, between the pos-
itive electrode of output ports of the switch and positive
electrodes of the respective power cells; the switching
elements, whose number is equal to the number of the
power cells, between the negative electrode of the output
ports of the switch and negative electrodes of the respec-
tive power cells; and the switching elements, whose
number is smaller than the number of the power cells by
one, between the power cells adjacent in a series direc-
tion of the power cells.

[0013] A third aspect of the present invention is the
power supply apparatus according to the first or second
aspect, further comprising:

a voltage regulator, connected between the switch
and a load, for stabilizing a voltage supplied to the
load; and

an output detector for detecting a power consump-
tion in the load and/or an output power of the com-
bined power source, and

characterized in that

the controller controls the ON-OFF states of the switching
elements by controlling the switch by the control signal
generated based on the voltage signals representing the
differences in electrical potentials detected by the voltage
detector, the power consumption, and the output power
of the combined power source.

[0014] A fourth aspect of the present invention is the
power supply apparatus according to the third aspect,
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characterized in that

the controller includes processing for controlling a con-
nection status of each of the power cells via the switch
so as to halt the supply of power from the power cell
having the lowest output voltage, if it has been detected
that a power value detected by the output detector is
equal to or lower than an output power preset based on
output characteristics of the combined power source.
[0015] Afifth aspectofthe presentinvention is the pow-
er supply apparatus according to the third aspect,
characterized in that

the controller includes processing for controlling a con-
nection status of each of the power cells via the switch
so as to halt the supply of power from the power cell
having the lowest output voltage, when a continuous
power generation time of each of the power cells be-
comes a predetermined time or longer, if it has been de-
tected that a power value detected by the output detector
is equal to or lower than an output power preset based
on output characteristics of the combined power source.
[0016] A sixth aspect of the present invention is the
power supply apparatus according to the third aspect,
characterized in that

the controller includes processing for controlling a con-
nection status of each of the power cells via the switch
so as to halt the supply of power from the plurality of
power cells in order of increasing output voltage, when
a continuous power generation time of each of the power
cells becomes a predetermined time or longer, if it has
been detected that a power value detected by the output
detector is equal to or lower than an output power preset
based on output characteristics of the combined power
source.

[0017] A seventh aspect of the presentinvention is the
power supply apparatus according to the third aspect,
characterized in that

the controller includes processing for controlling a con-
nection status of each of the power cells via the switch
so as to halt the supply of power from the power cell
having the lowest output voltage and resume the supply
of power from the power cell whose power supply has
been halted until then, when a continuous power gener-
ation time of each of the power cells becomes a prede-
termined time or longer, if it has been detected that a
power value detected by the output detector is equal to
or lower than an output power preset based on output
characteristics of the combined power source.

[0018] An eighth aspect of the present invention is the
power supply apparatus according to any one of the third
to seventh aspects, characterized in that

the output detector detects the power consumption
based on an output voltage of the voltage regulator and
a load current supplied to the load.

[0019] Aninthaspect of the present invention is the
power supply apparatus according to any one of the first
to eighth aspects, characterized in that

the voltage detector connects output ports of the respec-
tive power cells to a multiplexer, sequentially switches
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and scans the power cells, whose voltages are to be de-
tected, by a control signal of the controller, and connects
a voltage detecting instrument to an output port of the
multiplexer to supply the voltage signals of the respective
power cells sequentially to the controller.

Effects of the Invention

[0020] According to the present invention, control is
exercised such that when the output voltage between the
electrodes of each power cell has dropped to a set volt-
age or lower, this power cell is isolated to halt the supply
of power therefrom, and when recovery of outputting ca-
pacity of the isolated power cell has been detected, the
supply of power from it is resumed. Thus, reversal of the
power cell can be prevented and, when its outputting
capacity is recovered, its outputting is resumed, whereby
the reasonable operation of the power supply apparatus
can be achieved, with the reversal of each power cell
being prevented.

[0021] According to the present invention, moreover,
the terminals of the plurality of power cells configured
electrically independently can be selectively connected
by the switching elements. Thus, it is easy to combine
the power cells in accordance with the load. Consequent-
ly, 1) stabilization of power supply by the power supply
apparatus, 2) enhancement of long-term reliability of the
power cells, and 3) long life of the power supply apparatus
can be realized at the same time. The provision of the
cells atrest, in particular, renders a long-term continuous
operation possible. From this aspect as well, reliability
can be increased. That is, load distribution among the
plurality of power cells, stable power supply, and long life
of the power source can be achieved.

Brief Description of the Drawings
[0022]

[Fig. 1] is a block diagram showing a power supply
apparatus according to a first embodiment of the
present invention.

[Fig. 2] is a flow chart showing a control procedure
in a controller of the power supply apparatus shown
in Fig. 1.

[Fig. 3] is a flow chart showing the control procedure
in the controller of the power supply apparatus
shown in Fig. 1.

[Fig. 4] is a flow chart showing the control procedure
in the controller of the power supply apparatus
shown in Fig. 1.

[Fig. 5] is a flow chart showing the control procedure
in the controller of the power supply apparatus
shown in Fig. 1.

[Fig. 6] is a block diagram showing a power supply
apparatus according to a second embodiment of the
present invention.

[Fig. 7] is a block diagram showing a fuel cell appa-
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ratus according to the conventional technology.
Description of the Numerals and Symbols
[0023]

1, 21 Power supply apparatus
2 Fuel cell

2a to 2d Power generation cell
3 Switch

4, 41 Voltage detector

5, 51 Controller

6 Voltage regulator

8 Load

9 Current detector

31a to 31k Switching element
32, 33 Output port

42 Analog multiplexer

S01, S04 Control signal

S02a to S02d Voltage signal
S03 Load current signal

Best Mode for Carrying Out the Invention

[0024] Embodiments of the present invention will now
be described in detail based on the accompanying draw-
ings.

<First Embodiment>

[0025] Fig. 1is a block diagram showing a power sup-
ply apparatus according to a first embodiment of the
presentinvention. As shown in the drawing, a power sup-
ply apparatus 1 according to the present embodiment
has a fuel cell 2 equipped with a plurality of power gen-
eration cells 2a, 2b, 2c, 2d as power cells; a switch 3 for
switching, as appropriate, the terminals of the power gen-
eration cells 2a to 2d and connecting them; a voltage
detector 4 for measuring voltages between the terminals
of the power generation cells 2a to 2d; a controller 5 for
exercising control for changing connection paths of the
switch 3 based on output signals of the voltage detector
4 and a current detector 9; a voltage regulator 6 for sta-
bilizing a voltage supplied to a load 8; a charge and dis-
charge device 7 capable of electrical charging and dis-
charging; and a current detector 9 composed of a current
detecting amplifier 11 for detecting a load current.
[0026] In further detail, the power generation cells 2a
to 2d are adapted to generate power upon supply of fuel
from a fuel supply device (not shown), and the power
generation cells 2a to 2d are configured electrically in-
dependently. Here, the term "configured electrically in-
dependently"” refers to a state in which the power gener-
ation cells 2a to 2d are not directly connected to each
other, but are necessarily connected via the switch 3.
[0027] The power generation cells 2a to 2d in the
present embodiment are each composed of a polymer
electrolyte fuel cell (PEFC) which generates power by
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supplying hydrogen, as afuel, to an anode (negative elec-
trode) and oxygen (air) to a cathode (positive electrode).
The power generation cells 2a to 2d used here are four
power generation cells each of which obtains a maximum
output of 1.08 [W] when its output voltage is 0.45 [V]. The
standard operating voltage of each of the power gener-
ation cells 2a to 2d is 0.6 V, and this voltage is the lower-
limit operating voltage for each of the power generation
cells 2ato 2d. The standard voltage is set within a voltage
range where a marked diffusion overvoltage is not ob-
served in the power generation characteristics of the
power generation cells 2a to 2d and, in the case of PEFC,
it is set to be between about 0.3 and 0.8 V.

[0028] The standard output power of each of the power
generation cells 2a to 2d in the present embodiment is
0.72 [W] (hereinafter, this output power will be referred
to simply as "P1"). Thus, when these four power gener-
ation cells 2a to 2d produce power, an output of 0.72 [W]
X 4 = 2.88 [W] (hereinafter, this output power will be
referred to simply as "P4") is obtained. When three of the
power generation cells 2a to 2d produce power, an output
of 0.72 [W] X 3 =2.16 [W] (hereinafter, this output power
will be referred to simply as "P3") is obtained. When two
of the power generation cells 2a to 2dproduce power, an
outputof 0. 72 [W] X 2 = 1.44 [W] (hereinafter, this output
power will be referred to simply as "P2") is obtained. In
the present embodiment, therefore, P1, P2, P3 and P4,
which are the output powers obtained by multiplying the
above standard output power by the numbers of the pow-
er generation cells 2a to 2d, are respectively "the output
powers preset based on the power generation charac-
teristics of the fuel cell 2".

[0029] The power generation cells 2a to 2d may each
be a direct methanol fuel cell (DMFC) using methanol as
a fuel supplied to the anode, a solid oxide fuel cell
(SOFC), a molten carbonate fuel cell (MCFC), or a fuel
cell of other type. Moreover, the number of the power
generation cells 2a to 2d is not limited to four, but can be
a number set as required.

[0030] Instead of the power generation cells, there can
be used a plurality of power cells of different types or the
same type, for example, primary cells such as manga-
nese dry cells, alkaline manganese oxide dry cells, nickel
type dry cells, alkaline button cells, silver oxide cells, lith-
ium manganese dioxide cells, lithium thionyl chloride
cells, and air zinc cells; secondary cells capable of re-
peated charging and discharging, typified by lead storage
batteries, nickel-hydrogen secondary cells, lithium ion
secondary cells, and sodium-sulfur cells; condensers
which accumulate electric charge and electrostatic en-
ergy upon application of voltage to obtain electric capac-
ity, such as condensers, capacitors, and electric double
layer condensers; solar cells; and thermoelectromotive
force batteries. These power cells may be connected ar-
bitrarily, for example, in series or in parallel, to constitute
the fuel cell 2.

[0031] The switch 3 is composed of a plurality of (elev-
en in the present embodiment) switching elements 31a
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to 31k. The switching elements 31a to 31k are connected
between an output port 32 on the positive side of the
switch 3 and the positive electrodes of the power gener-
ation cells 2a to 2d, between an output port 33 on the
negative side of the switch 3 and the negative electrodes
of the power generation cells 2a to 2d, and between the
power generation cells (2a and 2b), (2b and 2c), and (2¢
and 2d) adjacent in the series direction. That is, the
switching elements 31a to 31d, whose number is equal
to the number of the power generation cells 2a to 2d, are
connected between the output port 32 on the positive
side and the positive electrodes of the power generation
cells 2a to 2d. The switching elements 31e to 31h, whose
number is equal to the number of the power generation
cells 2a to 2d, are connected between the output port 33
on the negative side and the negative electrodes of the
power generation cells 2a to 2d. The switching elements
31i to 31k, whose number is smaller than the number of
the power generation cells 2a to 2d by one, are connected
between the power generation cells (2a and 2b) to (2c
and 2d) adjacent in the series direction.

[0032] As aresult, the power generation cells 2a to 2d
can be connected arbitrarily depending on the ON-OFF
states of the switching elements 31a to 31k of the switch
3. That is, the power generation cells 2a to 2d can be
connected to each other in series, or connected to each
other in parallel. Alternatively, the power generation cells
2ato 2d connected in series can be connected in parallel.
[0033] The switching elements 31a to 31k in the
present embodiment are composed of MOS-FETs which
are field effect transistors. The switching elements 31a
to 31k can be composed of relay elements, transistor
elements, TTL elements, C-MOS elements, and ECL el-
ements as wellas MOS-FETs. Thatis, any elements hav-
ing a switching function can be used without limitation.
[0034] The ON-OFF states of the switching elements
31a to 31k are controlled by a control signal SO1 which
is the output signal of the controller 5.

[0035] The voltage detector 4 has voltage detecting
amplifiers 4a, 4b, 4c, 4d connected between both elec-
trodes of the power generation cells 2a to 2d. The voltage
detector 4 converts differential input voltages from the
power generation cells 2a to 2d into voltage signals S02a,
S02b, S02¢, S02d, which are single-ended signals with
reference to the potential at the negative terminal of the
charge and discharge device 7, and supplies these volt-
age signals to the controller 5.

[0036] The controller 5 is composed of a microcom-
puter. The microcomputer has programs written thereinto
for taking in the voltage signals S02a to S02d from the
voltage detector 4 and a load current signal S03 from the
current detector 9 to control the selection of the ON-OFF
states of the switching elements 31a to 31k in the switch
3 based on an internal clock. As a result, the controller
5 in the present embodiment exercises 1) first control for
preventing reversal, and resuming the supply of power
from any of the power generation cells 2ato 2d recovering
the power generation capacity, and 2) second control for
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changing the connection status of the power generation
cells 2a to 2d in conformity with the load power, and se-
lecting, as appropriate, the power generation cells 2a to
2d whose power supply is to be halted, thereby contrib-
uting to a reasonable operation.

[0037] The voltage regulator 6 adjusts an output volt-
age delivered by the fuel cell 2 via the switch 3 to a pre-
determined voltage, and can be preferably composed of
a DC-DC converter. Generally, the voltage regulator 6
may be a device which regulates a direct-current voltage
inputted into the voltage regulator 6, and outputs a sta-
bilized direct-current voltage. Depending on the load 8,
the voltage regulator 6 may be a device for outputting an
alternating-current voltage. ADC-AC converter (inverter)
is known as a voltage regulator for outputting a stabilized
alternating-current voltage.

[0038] The DC-DC converter may be one which can
convert the direct-current voltage of the fuel cell 2 into a
direct-current voltage not impeding the action of the load
8, and can supply power to the load 8. More preferably,
the voltage supplied to the load 8 is stabilized and con-
stant. The type of the DC-DC converter is, for example,
a series regulator, a switching regulator, a charge pump,
or a switched capacitor. Similarly, the DC-AC converter
may be one which can convert the direct-current voltage
of the fuel cell 2 into an alternating-current voltage not
impeding the action of the load 8, and can supply power
to the load 8.

[0039] Inthe presentembodiment, a step-up and step-
down synchronous rectifying switching regulator is used
as the voltage regulator 6, and its output voltage is set
at7.4\V.

[0040] The charge and discharge device 7 can be pref-
erably composed of a secondary battery capable of re-
peated charging and discharging, typified by a lead stor-
age battery, a nickel-hydrogen secondary battery, or a
lithium ion secondary battery; or a condenser which ac-
cumulates electric charge and electrostatic energy upon
application of a voltage to obtain electric capacity, such
as a condenser, a capacitor, or an electric double layer
condenser. Preferred as the secondary battery is a bat-
tery which does not exhibit a memory effect as done by
a nickel-cadmium secondary battery. It is also possible
to select the type of a suitable secondary battery or con-
denser according to the operating voltage, the minimum
operating voltage, the load characteristics, etc. of the
load 8 and, if necessary, connect the secondary batteries
orthe condensers in series, thereby adjusting the voltage
supplied to the load 8. The charge and discharge device
7 in the present embodiment is composed of two lithium
ion secondary batteries connected in series. The capac-
ity of the charge and discharge device 7 is 400 mAh.
[0041] The current detector 9 in the present embodi-
ment has a shuntresistor 10, through which aload current
supplied to the load 8 flows via the voltage regulator 6,
and the current detecting amplifier 11 for detecting the
load current via the voltage between both ends of the
shunt resistor 10, in order to detect the output power of
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the fuel cell 2. That is, the load current signal S03 repre-
senting the load current is entered into the controller 5,
whereby a predetermined computation is performed in
the controller 5 based on the output voltage value set by
the voltage regulator 6 or the output voltage value de-
tected at the output port of the voltage regulator 6 , and
the load current value represented by the load current
signal S03, to thereby determine the power consumption
of the load 8.

[0042] The detection of the power consumption of the
load 8 (output value of the fuel cell 2) is not limited to the
above-mentioned computation in the controller 5. Gen-
erally, there may be used for the detection an output de-
tector which can detect the power consumption in the
load 8. Thus, a wattmeter for directly detecting the power
consumption (output power) is also included. In order to
detect the output power of the fuel cell 2, moreover, the
current detector 9 maybe disposed on the path of current
supplied to the voltage regulator 6 via the switch 3.
[0043] The load 8 connected to the power supply ap-
paratus 1 is an electric or electronic instrument. In the
present embodiment, an electronic load device whose
load 8 can be varied arbitrarily is connected to the power
supply apparatus 1.

[0044] Figs. 2 to 5 are flow charts showing the control
procedure in the controller 5 of the power supply appa-
ratus 1 shown in Fig. 1. (Related processings spanning
the different drawings are correspondingly assigned the

same symbols "P¢A" to "¢ F".) In the present embodi-
ment, control is exercised such that any of the power
generation cells 2a to 2d showing an abnormality in the
output voltage is isolated, and is reconnected if its power
generation capacity recovers, and that depending on the
output status of the power generation cells 2a to 2d, the
connection states of the switching elements 31a to 31k
are changed, as appropriate, to change the number of
the power generation cells 2a to 2d caused to supply
power, and the supply of power in the power generation
cells 2a to 2d is brought to a halt, as appropriate, de-
pending on the elapsed time after initiation of power gen-
eration. Specifically, the control procedure is as follows:
[0045] 1) When no fuel is supplied to the power gen-
eration cells 2a to 2d, the switching elements 31a to 31k
of the switch 3 are all in the OFF state where no electricity
flows (see Step S1).

[0046] 2)When a fuel is supplied to the fuel cell 2, and
the voltage detector 4 detects that an electromotive force
has been obtained from the power generation cells 2a to
2d, the voltage signals S02a to S02d are entered into the
controller 5 (see Step S2). The controller 5 feeds the
control signal S01, which brings the switching elements
31i, 31j, 31k and the switching elements 31a, 31h of the
switch 3 into the ON state, to the switch 3 in order to
connect all of the power generation cells 2ato 2d in series
(see Step S3).

[0047] 3)ltisdetermined, based on the voltage signals
S02a to S02d of the power generation cells 2a to 2d,
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whether the output voltage is a set voltage Vy, or lower
(see Step S4). Preferably, the set voltage Vy, is set in a
range of voltage values which can avoid the deterioration
of the output characteristics of any of the power gener-
ation cells 2a to 2d associated with a drop in the output
voltage of any of the power generation cells 2a to 2d, for
example, the range of 0.2 V to 0.4 V. In the present em-
bodiment, Vy, =0.3 V.

[0048] 4)Ifthe processing in Step S4 shows the output
voltage of any of the power generation cells 2a to 2d to
be the set voltage Vy, or lower, the switch 3 is controlled
by the control signal S01 to isolate any of the power gen-
eration cells 2a to 2d having the output voltage, which is
the set voltage Vy, or lower, from the series connection
path. Also, the timer for measuring the isolation time is
set, and the program is returned to the processing in Step
S4 again (see Step S5).

[0049] 5)Ifthe processing in Step S4 shows the output
voltages of all the power generation cells 2a to 2d ex-
ceeding the set voltage Vy,, it is determined whether the
down time (isolation time) of any of the power generation
cells 2a to 2d isolated from the series connection path in
the processing in Step S5 is a set time T1 or longer (see
Step S6).

[0050] 6) Any of the power generation cells 2a to 2d
whose down time is T1 or longer as a result of the deter-
mination in Step S6 is connected again to the series con-
nection path by controlling the switch 3 by the control
signal S01. Also, the timer T1 is reset, and the program
is returned again to the processing in Step S4 (see Step
S7).

[0051] 7)Iftheresultof determinationin Step S6 shows
the down time of less than T1 (including the down time
of zero), it is determined whether the power consumption
of the load 8 computed by the controller 5 is P3 or less
(see Step S8).

[0052] 8) If the result of the computation is not P3 or
less upon processing in Step S8, the program is returned
to the processing in Step S4, and the same processings
are repeated afterwards.

[0053] 9)Ifthe processingin Step S8 shows the power
consumption of the load 8 to be P3 or less, any one of
the power generation cells 2a to 2d may be at rest. Thus,
the one of the power generation cells 2a to 2d that has
the lowest output voltage of the power generation cells
2a to 2d based on the voltage signals S02a to S02d is
isolated from the series connection path (see Step S9).
[0054] 10) The same processings as those in Steps
S4 to S7 are performed (see Steps S10 to S13).

[0055] 11) If the result of determination in Step S12
shows the down time of less than T1 (including the down
time of zero), it is determined whether the power con-
sumption of the load 8 computed by the controller 5 is
P3 or more (see Step S14).

[0056] 12) Ifitis determined, upon processing in Step
S14, that the power consumption of the load 8 is less
than P3, it is further determined whether the power con-
sumption of the load 8 computed by the controller 5 is
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P2 or less (see Step S15).

[0057] 13) If the result of computation is not P2 or less
upon processing in Step S15, it is determined whether
the continuous power generation time of each of the pow-
er generation cells 2a to 2d is a set time T2 or longer. If
it is not the set time T2 or longer, the program is returned
to the processing in Step S14 (see Step S16). Here, the
set time T2 has been set based on changes over time in
the output characteristics due to continuous power gen-
eration of the power generation cells 2a to 2d. In the
present embodiment, the set time T2 has been set at 20
minutes. This set time T2 is preset in the timer of the
controller 5.

[0058] 14) The one of the power generation cells 2a
to 2d having the lowest output voltage of the power gen-
eration cells 2a to 2d, which have been found to have a
set time of T2 or more upon processing in Step S16, is
isolated from the series connection path. At the same
time, any of the power generation cells 2a to 2dwhose
power generation has been broughtto a haltis connected
in series with the series connection path, and the time
measuring action of the timer is reset, whereupon the
program is returned to the processing in Step S10 (see
Step S17).

[0059] 15) If the processing in Step S15 shows the
power consumption of the load 8 to be P2 or less, another
one of the power generation cells 2a to 2d may be at rest.
Thus, the one of the power generation cells 2a to 2d that
has the lowest output voltage of the power generation
cells 2a to 2dbased on the voltage signals S02a to S02d
is isolated from the series connection path (see Step
S18).

[0060] 16) The same processings as those in Steps
S4 to S7 are performed (see Steps S19 to S22).

[0061] 17) It is determined whether the power con-
sumption of the load 8 computed by the controller 5 is
P2 or more and, if the result of the computation is P2 or
more, the program is returned to the processing in Step
S3 (see Step S23).

[0062] 18) Ifitis determined, upon processing in Step
S23, that the power consumption of the load 8 is less
than P2, it is further determined whether the power con-
sumption of the load 8 computed by the controller 5 is
P1 or less (see Step S24).

[0063] 19) If the result of computation is not P1 or less
upon processing in Step S24, it is determined whether
the continuous power generation time of each of the pow-
er generation cells 2a to 2d is the set time T2 or longer.
Ifitis notthe settime T2 orlonger, the program is returned
to the processing in Step S23 (see Step S25).

[0064] 20) If the processing in Step S25 determines
that the continuous power generation time is the set time
T2 or longer, all the power generation cells 2a to 2d are
connected in series, and two of the power generation
cells 2a to 2d which have low output voltages are isolated
fromthe series connection path. Also, the time measuring
action of the timer is reset, whereupon the program is
returned to the processing in Step S19 (see Step S26).
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[0065] 21) If the processing in Step S24 shows the
power consumption of the load 8 to be P1 or less, still
another one of the power generation cells 2a to 2d may
be at rest (total three of them at rest). Thus, the one of
the power generation cells 2a to 2d that has the lowest
output voltage of the power generation cells 2a to 2d
based on the voltage signals S02a to S02d is isolated
from the series connection path (see Step S27).

[0066] 22) The same processings as those in Steps
S4 to S7 are performed (see Steps S28 to S31).

[0067] 23) It is determined whether the power con-
sumption of the load 8 computed by the controller 5 is
P1 or more and, if the result of the computation is P1 or
more, the program is returned to the processing in Step
S3 (see Step S32).

[0068] 24) Ifitis determined, upon processing in Step
S32, that the power consumption of the load 8 is less
than P1, it is determined whether the continuous power
generation time of each of the power generation cells 2a
to 2d is the set time T2 or longer (see Step S33).
[0069] 25) If the processing in Step S33 determines
that the continuous power generation time is the set time
T2 or longer, the controller 5 connects all the power gen-
eration cells 2a to 2d in series, and isolates three of the
power generation cells 2a to 2d having low output volt-
ages from the series connection path. Also, the controller
5 resets the time measuring action of the timer, and re-
turns the program to the processing in Step S28 (see
Step S34).

[0070] 26) If the processing in Step S33 determines
that the continuous power generation time is less than
the set time T2, it is determined whether the power con-
sumption of the load 8 is zero (see Step S35). If it is not
zero, the program is returned to the processing in Step
S28, and the processings in the subsequent steps are
repeated until the power consumption of the load 8 be-
comes zero. At a time when zero is reached, the switch
3 is brought to the OFF state to terminate the action of
the power supply apparatus 1 (see Step S36).

<Second Embodiment>

[0071] Fig. 6 is a block diagram showing a power sup-
ply apparatus according to a second embodiment of the
presentinvention. As shown in the drawing, a power sup-
ply apparatus 21 according to the present embodiment
has the configuration of the voltage detector 4 modified
to serve as a voltage detector 41. That is, the voltage
detector 41 in the present embodiment has an analog
multiplexer 42 connected to the output ports of a plurality
of power generation cells 2a to 2d, and switches over
time (scans) the power generation cells 2a to 2d whose
voltages are to be detected. A voltage detecting amplifier
43 is connected to the output port of the analog multi-
plexer 42. Voltage signals S02a to S02d of the power
generation cells 2a to 2d are sequentially supplied to a
controller 51 via the voltage detecting amplifier 43. Con-
trol of scanning on this occasion is exercised by the con-
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troller 51 via a control signal S04. By the action of the
controller 51, scanning of the power generation cells 2a
to 2d having voltages detected is performed with cycles
of 200 ms, and a delay time for voltage detection is set
at 50 ms. The controller 51 has a program for controlling
the above-described scanning action of the voltage de-
tector 41, in addition to the program of the controller 5 in
the First Embodiment.

[0072] Other features are the same as those of the
power supply apparatus 1 according to the First Embod-
iment shown in Fig. 1. Thus, the same portions are as-
signed the same numerals as in the power supply appa-
ratus 1, and duplicate explanations are omitted.

[0073] Inthe present embodiment as well, the control-
ler 51 effects the control of the switch 3 and the output
control of the power generation cells 2a to 2d in accord-
ance with the procedure shown in Figs. 2 to 5.

<Other embodiments>

[0074] In the First Embodiment and the Second Em-
bodiment described above, the controllers 5, 51 are
adapted to exercise 1) the first control for preventing re-
versal, and resuming the supply of power from any of the
power generation cells 2a to 2d which has recovered the
power generation capacity, and 2) the second control for
changing the connection status of the power generation
cells 2a to 2d in conformity with the load power, and se-
lecting, as appropriate, the power generation cells 2a to
2d whose power supply is to be halted, thereby contrib-
uting to a reasonable operation. However, the controllers
5, 51 need not be adapted to effect such controls, but
may be adapted to effect only the first control.

[0075] Eveninthiscase, control can be exercised such
that when the generated voltage between the electrodes
of each of the power generation cells 2a to 2d has
dropped to a set voltage or lower, the power cell con-
cerned of the power generation cells 2a to 2d is isolated
to halt the supply of power therefrom, and when recovery
of the power generation capacity of the isolated power
cell of the power generation cells 2a to 2d has been de-
tected, the supply of power from it is resumed. Thus,
reversal of any of the power generation cells 2a to 2d
can be prevented and, when its power generation capac-
ity has been recovered, its power generation is resumed.
Consequently, the effects are obtained that the reason-
able operation of the power supply apparatus 1 can be
achieved, with the reversal of the power generation cells
2a to 2d being prevented.

Claims
1. A power supply apparatus, comprising:
a combined power source composed of a plu-

rality of power cells configured electrically inde-
pendently;
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a switch, connected to the combined power
source, for arbitrarily changing connection paths
of the respective power cells by selectively con-
necting terminals of the plurality of power cells
through switching elements, the switch having
the same number of input terminals as the
number of the terminals of the plurality of power
cells and two-electrode output terminals;

a voltage detector for respectively detecting dif-
ferences in electrical potentials between the ter-
minals of the plurality of power cells; and

a controller for controlling the switch by a control
signal to control ON-OFF states of the switching
elements so as to halt a supply of power from
the power cell when an output voltage of the
power cell has dropped to a set voltage or lower,
as found based on voltage signals which respec-
tively indicate the differences in electrical poten-
tials detected by the voltage detector, and
resume the supply of power from the power cell
whose power supply has been halted when a
down time in the power cell during a haltin power
supply has reached a predetermined time or
longer.

The power supply apparatus according to claim 1,
characterized in that

the switch has the switching elements, whose
number is equal to the number of the power cells,
between the positive electrode of output ports of the
switch and positive electrodes of the respective pow-
er cells; the switching elements, whose number is
equal to the number of the power cells, between the
negative electrode of the output ports of the switch
and negative electrodes of the respective power
cells; and the switching elements, whose number is
smaller than the number of the power cells by one,
between the power cells adjacent in a series direc-
tion of the power cells.

The power supply apparatus according to claim 1 or
2, further comprising:

a voltage regulator, connected between the
switch and a load, for stabilizing a voltage sup-
plied to the load; and

an output detector for detecting a power con-
sumption in the load and/or an output power of
the combined power source, and

characterized in that

the controller controls the ON-OFF states of the
switching elements by controlling the switch by the
control signal generated based on the voltage sig-
nals representing the differences in electrical poten-
tials detected by the voltage detector, the power con-
sumption, and the output power of the combined
power source.
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4.

The power supply apparatus according to claim 3,
characterized in that

the controller includes processing for controlling a
connection status of each of the power cells via the
switch so as to halt the supply of power from the
power cell having the lowest output voltage, if it has
been detected that a power value detected by the
output detector is equal to or lower than an output
power preset based on output characteristics of the
combined power source.

The power supply apparatus according to claim 3,
characterized in that

the controller includes processing for controlling a
connection status of each of the power cells via the
switch so as to halt the supply of power from the
power cell having the lowest output voltage, when a
continuous power generation time of each of the
power cells becomes a predetermined time or long-
er, ifithas been detected that a power value detected
by the output detector is equal to or lower than an
output power preset based on output characteristics
of the combined power source.

The power supply apparatus according to claim 3,
characterized in that

the controller includes processing for controlling a
connection status of each of the power cells via the
switch so as to halt the supply of power from the
plurality of power cells in order of increasing output
voltage, when a continuous power generation time
of each of the power cells becomes a predetermined
time or longer, if it has been detected that a power
value detected by the output detector is equal to or
lower than an output power preset based on output
characteristics of the combined power source.

The power supply apparatus according to claim 3,
characterized in that

the controller includes processing for controlling a
connection status of each of the power cells via the
switch so as to halt the supply of power from the
power cell having the lowest output voltage and
resume the supply of power from the power cell
whose power supply has been halted until then,
when a continuous power generation time of each
of the power cells becomes a predetermined time or
longer, if it has been detected that a power value
detected by the output detector is equal to or lower
than an output power preset based on output char-
acteristics of the combined power source.

The power supply apparatus according to any one
of claims 3 to 7, characterized in that
the output detector detects the power consumption
based on an output voltage of the voltage regulator
and a load current supplied to the load.
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The power supply apparatus according to any one
of claims 1 to 8, characterized in that

the voltage detector connects output ports of the re-
spective power cells to a multiplexer, sequentially
switches and scans the power cells, whose voltages
are to be detected, by a control signal of the control-
ler, and connects a voltage detecting instrument to
an output port of the multiplexer to supply the voltage
signals of the respective power cells sequentially to
the controller.
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FIG. 2
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FIG. 3
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FIG. 5
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